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Abstract 
Construction of conserving campus is necessary to achieve sustainable development.  Taking North China University Of Science 
and Technology for example, this paper proposes systematically how to launch subjects of actual measurement and simulation of 
energy consumption and the analysis of energy-saving for the energy consumption of campus. On the basis of analysis of the 
college typical building energy consumption, this paper tests the illumination, noise and formaldehyde concentration of Yifu 
Library, gives a detailed analysis of the measurement data, and provides the basis for energy saving transformation, operation 
management and updating equipment.By using a building energy consumption simulation software-eQUEST to simulate and 
research the energy consumption of Yifu Library, and  collecting and collating the 2012-2013 annual water, electricity and gas 
usage to analyze the above energy data, and obtain the current status and characteristics of  campus energy consumption. 
Finally, by comparing the measured and simulated results, it shows that universities present tremendous potential for energy 
savings. Therefore, from energy conservation of the technology, management and behavior, the reasonable energy-saving 
reconstruction measures are put forward. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
With the development of the living standard, universally concerned comfort of building leaded to the increasing 
of energy consumption about air conditioning and illumination, which brought about more energy consumption of 
construction. Not only can building of campus is major section of energy consumption, but only it is educational and 
scientific research base where develops the concepts, creates the technology, and invents the products of energy-
saving. 
1.1. College campus energy-saving research status abroad 
Green campus concept caused a trend that various countries in the world put the concept of sustainable 
development into the education,  and carry out the low carbon activities positively in campus.  At present, there have 
been nearly 4000 universities to applied and received  the certification of LEED (Hough M.H 2013). 
USA campus take many methods to save energy, in order to make their campus which is keeping pace with times, 
they launch the activities of saving-energy. For example, Yale took the steps that decreased the gas emissions in the 
greenhouse, their emissions reduced 17 percentage till 2007, and electricity of students’ dormitory lessen 10 
percentage, and then beyond the expected target. while Harvard focused student’ qualities of energy-saving, 
demanded every freshman accept the Green guide before enter the university to promote the enthusiasm of 
purchasing energy-saving products. From 2005 to 2009, Massachusetts Institute of Technology is paying attention to 
explore the technique of energy-saving,  the emphasis on where is renovation of energy-saving lamp, update vapor 
system equipment, and optimize heating and ventilation in air conditioning. University of California at Berkeley 
searched renewable energy and alternative energy sources, lay stress on increasing energy utilization ratio, and 
decreased carbon dioxide emission by advocating the tiny details of movements as turning off the computer 
conveniently (Zhao  J. 2010). 
Evaluated the source of carbon dioxide in the university, University of Tokyo drafted some optimization 
fundamental about building green low-carbon campus  combined with the actual, what declines the carbon dioxide 
emission to minimum and costs during operation about emission source (Sun L. 2011).  
1.2. College campus energy-saving research status in china 
In recent years, education has achieved rapid progress in university, and just owing to this, campus energy 
consumption accounted for the proportion of total social energy consumption is increasing. High school in the   
process of construction and development, according with relevant provisions of state promulgated the “public 
building energy efficiency design standards,” “Energy conservation management,” will shift construction of the 
campus from the traditional high consumption development model to the high ecological development model (Guo 
W and Chen X. 2013). In 2007 , under the organization of State Department of Housing and urban-Rural 
Development, China's first campus-saving demonstration project started in Tongji University, from this driving the 
creation and development of a large number of conservation-oriented campus, in joint promotion of State Ministry 
of Housing, the Ministry of Education and Finance, elected to the national campus-saving demonstration has more 
than 200 institutions, has made important achievements and experience, and received highly education at home and 
abroad (Li D. 2009). 
2. Energy consumption simulation 
2.1. Building model  
Due to the area of books and reading room, retrieval district and affiliated office on the second floor, and there 
are identical pattern every floor, so we select second floor as a reference in this part, for instance the figure 1 , and 
then simplify  room with internal structure,  establish the initial plane. 
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Fig.1. Plan view of second floor 
Difference between material parameters in eQuest data-base and practice, which leads to select the actual  
enclosure configuration and input boundary condition into model on the basis of actual condition in library, when 
we consult the practical data of enclosure configuration. According to Tianjinಬ meteorological parameter, we enter 
the shape and size, parameter of enclosure configuration, illumination, and the parameter of air conditioning of this 
architecture into eQuest simulate software, establish the model of library. 
2.2.Set the boundary conditions 
Taking YiFu library as the typical model, we should entry some parameter what is foundation  as the boundary 
conditions before use it,  for instance: 
1) Meteorological data 
Lacking of meteorological data of Tangshan, we choose Tianjinಬas the boundary conditions to compute the 
monthly electricity consumption and gas consumption for heating , because the eQuest aim at simulating  the city of 
America. Geographical location of Tangshan and Tianjin as follow: 
Table1 Geographical location of Tangshan and Tianjin 
City latitude longitude 
Tangshan North latitude  38Ϩ55Ą~40Ϩ28Ą East longitude 117Ϩ37Ą~119Ϩ19Ą 
Tianjin North latitude  38Ϩ34Ą~40Ϩ15Ą East longitude 116Ϩ43Ą~118Ϩ04Ą 
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2) The basic information of building 
 
There are five floor in total, the length of library is 75.9 meters, the extent of its is63.8 meters, and the height is 
23.4meters. The library is mainly used as library office, copy room, audio-visual center, editorial department, 
research department, the fire control center and  reading area, exhibition area, the search area,  and affiliated office 
and so on. 
For the northern and southern dynasties to the library which has no shading device but the cloth curtains. 
 
3)Parameter of enclosure configuration 
Retaining structure of library includes external and internal wall, window, door,  roof,  and floor, whose 
parameter is shown in table 2. 
 
  Table2 Main parameters of envelope 
Name Engineering practice 
coefficient of heat 
transfer 
W/(m2·K) 
Facades 250mmThick aerated concrete blocks 0.90 
Glass curtain wall(East, 
West, South˅ Alloy double hollow Low-E glass 2.5 
Interior 200mmThick aerated concrete blocks, Scrub walls for paint 0.39 
North outside the window Double glass and plastic steel frame window  2.7 
Exterior doors Tempered glass 4.8 
Roof 90mmThick polystyrene board insulation, SBS waterproof membrane, Mineral wool acoustic board ceiling light steel keel 0.53 
Floor Reinforced concrete slabˈTerrazzo 0.35 
 
4) Building disturbance 
 
Building disturbance includes staff , equipment and lighting, as heat and moisture source of room, it continues to 
radiate heat into the room to increase the indoor load. Personnel primarily to interior exudes significant amount of 
heat and moisture,  which was distributed to the indoor heat mainly through human skin and clothing, the moisture 
content is mainly distributed to the indoor environment through human respiration and perspiration. Equipment and 
lighting is mainly due to the energy consumed in running ,  a majority of the light energy is converted to mechanical 
energy , and another small portion of the conversion into heat,  what become part of the indoor heat gain. The 
mainly parameter is shown in table 3. 
 
  Table3 Related parameters of the interference in the room 
        Type Personnel densityӪ/m2 Lighting power             W/m2 
Equipment operating 
power  
         W/m2 
Fresh Air 
m3/(hgӪ) 
Air-conditioned 
rooms 9 14 10 18 
Foyer, hallway 50 5 6 11 
 
5) Parameter of air conditioning 
 
Central air conditioning system of this library uses fan coil plus fresh air system, air fan coil system consists of 
two parts, air-conditioning fan coil which is regarded as central air conditioning terminal equipment , while fresh air 
system is responsible for the new wind load to meet indoor air quality requirements. The advantage of this system is 
flexible control,  due to the smaller size and small footprint of fan coil units, the layout and installation is more 
convenient and easy to implement zoning control central air conditioning system.  
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3. Results and analysis 
3.1.Monthly changes in energy consumption 
1)Monthly changes in total energy consumption 
 
Library system uses central air conditioning system, and is generally centralized cooling from June to early 
October while central heating from November to March  ,  except for winter and summer,  and the remaining time is 
not open.  According to the established model, the annual electricity consumption monthly situation is shown in 
Figure 2 by using of Tianjin Meteorological data simulation. The figure reflects the consumption peaks for 347600 
kWh in December and lowest power consumption appeared in August of 17100 kWh  , which higher consumption 
in  June and December,  lower in April and October,  and the lowest energy consumption in February, July and 
August. Library personnel and review tense during the days students coincided exam, which cause massive indoor 
load and the higher the energy consumption. Relatively high energy-consuming than other months, the library 
system uses a central air conditioning system in April and October,  and usually centralized cooling from June to 
early October, while central heating in mid-November to mid-March. The month of April, May and October is a 
transitional period, the outdoor temperature is relatively modest, so central air conditioning is not turned on, and 
power consumption is relatively small. February, July and August coincided with low power consumption because 
the school closed library during the holidays. 
 
 
Fig.2. Power consumption of library from month to month 
2) The breakdown of monthly energy changes 
 
According to the simulation results, the library’ monthly energy consumption can be itemized, the energy sub-
library system includes lighting, equipment, pumps, fans and air-conditioning systems. As is shown in Figure 3. 
Annual changes in electricity, lighting, fans, pumps and equipment consumes less each month. The consumption 
of air conditioning varies month fluctuations, when refrigeration mainly in June, July and September while heating 
mainly in January, February, March, November, and December. The former does not change with the seasons 
change which related schedules;  the latter is mainly concerned with the outdoor temperature, air conditioning,  
heating and cooling consumption change with it. Consumption of heating and air-conditioning power reach 
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maximum in December, while air conditioning and refrigeration power  get maximum in June. Through analysis,  
the actual energy consumption of the building system is affected by many factors, and the analysis of energy 
variation of the breakdown of the building is  useful to identify the actual cause of the formation of the various 
energy differences, and then determine the correct direction of energy saving. 
 
Fig.3. Power consumption of equipment from month to month 
3.2. The  statistics of total annual energy consumption 
After the simulation, the total annual energy consumption of the library building is 2491000 kWh,  and unit floor 
area of energy consumption is  174 kWh/ m2. Our range of public building energy consumption indicators is 200 
kWh/ m2 or less, which shows the level of compliance with building energy efficiency by comparing simulation 
results. Shown in Figure 10, according to the various units of the total annual energy consumption situation, the 
annual energy consumption data statistics is shown in Table 5. 
 
     Table4 Statistical results of partial energy consumption throughout the year (kWhh103ε 
Illumination Equipment Ventilation Pump Refrigeration Heat recovery   Heating 
991.7 308.4 88.2 240.6 322.8 37.4 501.9 
3.3.Comparison of simulation results with the actual power consumption 
To be able to verify the reliability of the simulation, just use the relative proportions of each month, the energy 
consumption measured data were compared with the simulation results, to analyze trends difference as shown in 
Figure 4. 
 
Fig.4. Comparison of power consumption between measured and simulated 
4. Discussion 
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Through energy status and characteristics of North China University Of Science and Technology, the paper 
proposes a reasonable energy saving measures, by starting from tremendous energy-saving potential,  technology,  
conservation and behavior. 
4.1. Measures of energy efficiency building envelopes 
For public buildings, the major factors affecting the annual energy consumption, such as the type of envelope, 
occupant density, power density equipment, lighting density and air conditioning system operating parameters. 
Above all, building Envelope is vital to effect energy consumption of lighting and air conditioning.  
4.2 Measures of energy-saving air-conditioning system 
Although its running time is only a few months in building energy consumption in the library, the air 
conditioning is the second largest energy-consuming next to lighting systems. For air conditioning systems, to 
reduce interior temperatures in winter, but not less than 18 ഒ, increase summer design temperature discounted , but 
not higher than 28 ഒ; It is Strict to control the time of  ventilation in winter and summer air-conditioning on time, 
which reduce unnecessary energy consumption; Choosing large refrigeration units as much as possible; Taking  
intermittent operation is controlled on the air conditioning system , according to the number of sub-time staff;  
Building heating system uses points measured by controlling in functional area. 
4.3. Measures of energy-efficient lighting systems 
Lighting system uses high-efficiency source and energy saving lamps, in case which T5 energy-saving lamps 
instead of ordinary fluorescent T8. To manage Lighting systems unified,  make lighting control and energy-saving 
by using intelligent method and apparatus, use auto-dimming control system, control the opening and closing of the 
lamp with the weather and lighting conditions, depend on the presence Executives head stock automatic control 
lights for less traffic corridors, toilets and other areas using voice-activated switch. 
5. Conclusions 
Through the analysis of  energy consumption in North China University Of Science and Technology, to select the 
library as subject investigated and use  eQuest energy simulation software to come to some conclusion. 
Comparing the simulation results and the actual power consumption, which comes to the conclusion that 
deviation of actual power consumption with the simulation results ranges in 2 percent, and thus indicates the results 
of simulation are accurate and reliable, there is a deviation mainly caused by the difference of boundary conditions 
and the fact.  According to the tests of illumination, noise and formaldehyde, the museum lighting distribution does 
not meet the minimum standards,  the noise level is relatively high,  the concentration of formaldehyde meet the 
health requirements,  to decrease  the energy consumption to a minimum under the condition that meets the design 
requirement. 
Although this paper studies energy simulation in campus, and takes some energy-saving measures, in the course 
of the study also found a number of problems, which made a number of prospects: 
Due to time constraints and conditions, it is only studied the library, a small part of campus building, which 
includes a variety of types of quarters, office buildings, school buildings, etc. 
In addition to the simulation analysis, it is  more significant to consider technology and economy on energy-
saving. 
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